Abstract. Rheumatoid arthritis (RA) is a common chronic autoimmune and incurable disease. The aim of the present study was to investigate the therapeutic effect and mechanism of the total saponins of Rhizoma Dioscorea nipponica (TSRDN) in RA. A collagen induced-arthritis (CIA) rat model was established. CIA rats were randomly divided into three groups and lavaged with an equal volume of solvent (CIA group), TSRDN (25 mg/kg/day, RDN group) and tripterygium (TP; 12 mg/kg/day, TP group) for 21 days, respectively. Normal rats served as a control group. Hematoxylin-eosin (HE) staining was used to observe the histopathological injury of synovial tissues. The level of CD31, which used for marking and counting, micro vessel density (MVD) and the expression levels of vascular endothelial growth factor (VEGF) and signal transducer and activator of transcription 3 (STAT3) were detected by immunohistochemical analysis. Additionally, the DNA-binding activity of nuclear factor-κB (NF-κB) was determined using an ELISA kit. HE staining showed obvious synovial hyperplasia, inflammatory cell infiltration, pannus formation, cartilage and bone erosion in the CIA group rats. In addition, compared with control group, the level of MVD, the expression of VEGF and STAT3, and the DNA-binding activity of NF-κB were all increased in CIA group rat synovial tissue (all P<0.01); however, TSRDN or tripterygium were able to inhibit these changes (all P<0.01). It was speculated that TSRDN may prevent angiogenesis by inhibiting the expression of STAT3 and the DNA-binding activity of NF-κB p65, thereby potentially improving CIA.
Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease with pathological characteristics including synovitis, synovial hyperplasia, infiltration of inflammatory cell and formation of pannus (1, 2) . RA has a population prevalence of 0.5-1% worldwide (3) . RA has been associated with a range of risk factors, including genetics, smoking, environment, immune regulation and infectious agents (3) . A variety of the molecular mechanisms on the occurrence and development of RA have been reported (4) . In addition to inflammatory and immunological responses, increased angiogenesis has been considered play a vital role in the early pathological process of RA and sustains synovitis by producing proinflammatory cytokines and chemokines (5) . Vascular endothelial growth factor (VEGF), as the most effective proangiogenic molecule, is highly expressed in RA synovial tissue (6) . Moreover, several studies have been suggested that signal transducer and activator of transcription (STAT3) (7) and nuclear factor-κB (NF-κB) (8) are associated with the pathogenesis of RA and have an important regulatory effect on angiogenesis (9, 10) . Currently, a variety of approaches, such as thermotherapy, anti-inflammatory therapy and gene therapy, have been suggested to treat RA (11) . However, in consideration of the effectiveness and side effects of drugs, it is essential to identify and develop novel therapies for RA.
The total saponins of Rhizoma Dioscorea nipponica (TSRDN), a traditional Chinese medicine (TCM) extracted from the roots of RDN, has been suggested to aid in dispelling wind, eliminating dampness, alleviating pain, promoting blood circulation and suppressing cough (12) . Previous studies have indicated that TSRDN may be able to reduce levels of total cholesterol and serum glucose, as well as eliminate hydroxyl radicals (13, 14) . A prior study showed that TSRDN may improve acute gouty arthritis by inhibiting the expression of inflammatory factors (15) . However, it remains unclear whether TSRDN has a therapeutic effect on RA.
In the present study, a collagen-induced arthritis (CIA) rat model was established which had similar clinical and pathological features to human RA (16) . The aim of the study was to investigate the role and therapeutic mechanism of TSRDN in RA by detecting the expression levels of CD31, VEGF, STAT3 and NF-κB in CIA rats.
Materials and methods
Animal models. Approval from the Animal Ethics Committee of the Animal Laboratory Center of Chengde Medical University (Chengde, China) was obtained prior to using the animals for research. Healthy Wistar rats (age, 42 days; n=168; weight, 170±20 g; half male and female) were provided by Vital River Laboratory Animal Technology Co. Ltd. (Beijing, China), and acclimatized to a natural day/night cycle and given ad libitum access to food and water at 21˚C for a week before the trial.
Collagen induced-arthritis (CIA) rat model was established using the method described by Cremer et al (17) . In brief, type II collagen emulsion was prepared by mixing bovine type II collagen (2 g/l; Sigma-Aldrich, St. Louis, MO, USA) in 0.05 M acetic acid with an equal volume of complete Freund's adjuvant (Sigma-Aldrich). Subsequently, 10% chloral hydrate (Sigma-Aldrich) was used to anesthetize rats, then the rats were injected intradermally with type II collagen emulsion (0.2 ml) into the back and tail roots of rats. The second immunisation was performed with the same dose of type II collagen emulsion after 7 days. Arthritis was evaluated by measuring the arthritis index (AI), according to the method described in a previous study (18) . AI was measured by the joint swelling degree and the number of affected joints as following: 0, Normal joints; 1, swelling slightly of toe joints; 2, swelling of toe and digit joints; 3, swelling of foot paw below the ankle joints; and 4, entire swelling of foot paw including ankle joints. AI was defined as the sum of scores of the limbs joint swelling level (total potential score of 16). Rat with an AI score of ≥4 were considered to be a successful CIA model, while rats with AI <4 were excluded from the study.
Animal grouping, drug administration and sample collection. A total of 168 Wistar rats were enrolled in our study. Of these, 32 rats were injected with physiological saline in an equal volume as blank control, and 136 rats underwent the establishment of CIA model. After the first immunization 0, 10, 20, 30, 40, 50 and 60 days, 8 rats were randomly selected to undergoing analysis of joint swelling and AI in the model rat and blank control groups, respectively. At 14 days after the first immunization, CIA model rats were randomly allocated into 3 groups (n=24 per group) and lavaged with an equal volume of double distilled water (CIA group), TSRDN (25 mg/kg/day, RDN group) or tripterygium (12 mg/kg/day, TP group) for 21 days, respectively. TSRDN was provided by the Department of Traditional Chinese Medicine of Chengde Medical University and tripterygium was obtained from Huangshi Feiyun Pharmaceutical Co., Ltd. (Hubei, China). The rats in blank group were also lavaged with an equal volume of solvent for 21 days. Following the treatment periods, the rats were anesthetized with 10% chloral hydrate and sacrificed by cervical dislocation. The knee joint synovium were harvested for histopathological and immunohistochemical assessment, and nucleoproteins were extracted for detection of the DNA-binding activity of NF-κB p65.
Histopathological assessment. Specimens were fixed in 4% paraformaldehyde solution for 24 h, then paraffin-embedded tissue samples were cut into 5-µm sections. Sections were incubated for 4 h for deparaffinization at 65˚C and dehydrated with gradient ethanol. Subsequently, the sections were stained with hematoxylin (Sigma-Aldrich) for 5 min. Following differentiation in 1% hydrochloric acid alcohol for 2 sec, the sections were incubated in ammonia water for 2 min, and stained with eosin for 1 min. Ultimately, the sections were dehydrated, cleared and mounted with neutral resin. Light microscopy (Olympus Corporation, Tokyo, Japan) was used to observe the sections.
Immunohistochemical analysis of CD31, VEGF and STAT3. The sections were incubated with 3% H 2 O 2 to block the endogenous peroxidase. An antigen retrieval step in 10 mM citrate buffer (pH 6.0) for 10 min was performed. Sections were blocked using normal goat serum (Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China) at 37˚C for 30 min, then incubated with rabbit anti-rat CD31 (1:50; cat. no. sc-1506; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), VEGF (1:50; cat. no. RB-222-P0; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and STAT3 antibody (1:50; cat. no. 1122-1; Epitomics, Inc., Burlingame, CA, USA) for 30 min, respectively, and washed with phosphate-buffered saline (PBS). Subsequently, the sections were incubated with goat anti-rabbit secondary antibody (1:200; cat. no. ZB-2301; Zhongshan Golden Bridge Biotechnology Co., Ltd.) at 37˚C for 30 min. Sections were stained with 3,3'-diaminobenzidine (Zhongshan Golden Bridge Biotechnology Co., Ltd.) for 5 min and restained with hematoxylin for 2 min. Primary antibody was replaced by PBS in the negative controls. Positive CD31 expression was detected in the cytoplasm or membrane of vascular endothelial cells, which were used for marking and counting micro vessel density (MVD) (19) . Blood vessel distribution was observed under a microscope at a magnification of x100. The area with the highest MVD was selected (hot spot) for the counting of microvascular numbers under a microscope at a magnification of x400 in three fields, the mean was recorded as the MVD of this tissue section. The emergence of brown-yellowish inside the cytoplasm was considered to indicate a positive result for VEGF cells. Positive STAT3 cells were visualized in the cytoplasm and/or nucleus with brown-yellowish coloration. VEGF and STAT3 expression levels were calculated as the ratio of immune positive area and the whole area. Three fields were randomly selected and observed at a magnification of x400, and the mean was recorded as the VEGF and STAT3 expression levels of this tissue section.
Analysis of the DNA-binding activity of NF-κB p65. Nuclear protein was extracted using a Nuclear Extraction Kit (Active Motif, Carlsbad, CA, USA), following the manufacturer's instructions. A BCA Protein Assay Kit (Pierce; Thermo Fisher Scientific, Inc., Rockford, IL, USA) was used to detect the protein concentration. DNA-binding activity assay for NF-κB p65 in nuclear proteins was determined using a TransAM Assay kit (cat. no. 40096; Active Motif). Briefly, 30 µl binding buffer or binding buffer with 2 µl specific oligonucleotides was added into each well. Subsequently, 20 µl lysis buffer (Beyotime Institute of Biotechnology, Haimen, China) containing nuclear protein was incubated with connection buffer for 1 h at 25˚C in the microplates. Subsequently, DNA oligonucleotide-bound protein was detected with anti-p65 (1:1,000) and secondary antibody (1:1,000). Successively, the chromogenic reagent and stop buffer were added into the each hole. Absorbance was detected at 450 nm using a microplate reader (Molecular Devices, Sunnyvale, CA, USA).
Statistical analysis. Statistical analysis was performed using SPSS software, version 11 (SPSS, Inc., Chicago, IL, USA). Data were expressed as the mean ± standard deviation and analyzed using one-way analysis of variance and Q test. A value of P<0.05 was considered to indicate a statistically significant difference.
Results
Changes in body weight, joint swelling and AI. Compared with the control group, rats in the CIA group exhibited symptoms including listlessness, slow response, dry, sparse hair, reduced activity and food intake. In addition, body weight was reduced by 10.78, 14.95, 18.20, 22.04 and 19.45% by days 20, 30, 40, 50 and 60, respectively, in the CIA group rats compared with the control group rats at the same period (P<0.01) (Fig. 1A) . In the CIA group rats, the thickness of right leg foot cushion was increased by 9.15-, 9.43-, 5.44-, 3.74-and 2.78-fold on days 20, 30, 40, 50 and 60, respectively, compared with the control group rats (P<0.01) (Fig. 1B) . Similarly, compared with the control group rats, the thickness of left leg foot cushion was increased by 5.56-, 5.56-, 2.87-, 2.43-and 2.16-fold on days 20, 30, 40, 50 and 60 in the CIA group rats (P<0.01) (Fig. 1B) . Furthermore, there was no swelling of foot paw and AI value was 0 in blank group rats; however, AI value was significantly increased at days 20, 30, 
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40, 50 and 60 compared with the control group rats (P<0.01) (Fig. 1C) .
Histopathological changes of CIA rat synovial tissue after treatment. As shown in Fig. 2A , synovial and joint tissues in the control group rats exhibited no lesions, and synoviocytes were arranged regularly. However, there were obvious pathological features, including synovial hyperplasia, formation of pannus, infiltration of inflammatory cell, cartilage and bone erosion in the CIA group rats (Fig. 2B) . Following treatment for 21 days, these pathological features were alleviated in RDN group and TP group compared with CIA group (Fig. 2C and D) .
Detection of CD31, VEGF and STAT3 in CIA rat synovial tissue after treatment.
Immunohistochemical analysis using anti-CD31 antibody showed that the number of CD31-labeled microvessels was larger, and the level of MVD was higher in the CIA group rat synovial tissue than the control group rats (P<0.01) ( Table I ; Fig. 3 ). Compared with CIA group, the level of MVD was reduced in RDN and TP group rat synovial tissues (P<0.01) ( Table I ; Fig. 3 ), while there was no significant difference between the RDN and TP groups (P>0.05) ( Table I ; Fig. 3 ). The expression of VEGF and STAT3 protein was significantly increased in CIA group rat synovial tissue compared with the control group rats (P<0.01) (Table I; Fig. 3) . However, the VEGF and STAT3 expression levels were lower in the RDN and TP group rat synovial tissues compared with the CIA group rats (P<0.01) (Table I; Fig. 3) , and no significant difference was detected between the RDN and TP groups (P>0.05) (Table I; Fig. 3 ).
DNA-binding activity of NF-κB p65 in CIA rat synovial tissue after treatment.
Compared with the control group, a significant increase (P<0.01) (Fig. 4) in the DNA-binding Figure 3 . Immunohistochemical analysis of CD31, VEGF and STAT3 expression in the synovial tissues of the various groups. Compared with control group, the expression of CD31, VEGF and STAT3 were all increased in CIA group rat synovial tissue; however, total saponins of RDN or tripterygium appeared to inhibit the expression of these proteins (magnification, x400). CIA, collagen-induced arthritis; RDN, Rhizoma Dioscoreae nipponicae; TP, tripterygium; VEGF, vascular endothelial growth factor; STAT3, signal transducer and activator of transcription 3. activity of NF-κB p65 was observed in CIA group synovial tissue. After treatment with RDN and TP, the DNA-binding activity of NF-κB p65 was reduced (P<0.01) (Fig. 4) , while there was no significant difference between the RDN and TP groups (P>0.05) (Fig. 4) .
Discussion
RA is an autoimmune, systemic disease that may lead to the destruction of joints and subsequent disability (20) . In the present study, we successfully established a CIA rat model to investigate the therapeutic potential of TSRDN. The results showed that TSRDN alleviated synovial hyperplasia, infiltration of inflammatory cells and the formation of pannus in CIA rats, as well as inhibiting the level of MVD, the expression of VEGF and STAT3, and the DNA-binding activity of NF-κB p65.
Angiogenesis involves the formation of new blood vessels from preexisting ones, and serves a crucial function in tissue development and repair (21) . The formation of new microvessels within the synovium is a major feature of RA, which induced the development of pannus and resulted in the cartilage erosion and destruction, indicating that anti-angiogenesis may be an effective therapeutic strategy for RA (22) . VEGF and its receptor play a vital role in angiogenesis by regulating endothelial cell proliferation, migration and lumen formation (23, 24) . Previous studies have demonstrated that compared to healthy individuals, serum and synovial tissue VEGF concentrations were significantly elevated in patients with RA (25, 26) . Furthermore, the expression levels of VEGF and its specific receptors, Flk-1 and Flt-1 were associated with arthritis severity and the degree of neovascularization (27) . Similarly, the present results suggested that the level of MVD and the expression of VEGF protein were significantly increased in CIA rat synovial tissue, which was decreased after TSRDN or tripterygium treatment. In addition, TSRDN appeared to alleviate synovial hyperplasia and pannus formation, as indicated by observing the histological structure of synovial membrane tissues. Tripterygium is a commonly used TCM for the treatment of RA (28) . The presents results indicated that VEGF may be involved in the occurrence and development of CIA by regulating angiogenesis, and TSRDN may be a potential therapeutic drug for CIA.
To further investigate the mechanism of TSRDN in angiogenesis and RA, we detected the expression levels of STAT3 and NF-κB. The expression levels of various cytokines are known to be significantly increased in RA synovial tissues, and the majority of these are regulated via the JAK-STAT signaling pathway (7) . Furthermore, the pathological process of RA may be improved by blocking JAK-STAT pathway (6, 29) . Shouda et al (30) demonstrated that removing the functional domain of STAT3 attenuated CIA, and the hyperactivation of STAT3 may result in the spontaneous development of autoimmune arthritis (31) . Furthermore, Krause et al (32) proposed a mechanism by which STAT3 may promote the pathogenesis of RA by suppressing the apoptosis of synovial fibroblasts. STAT3 plays a crucial regulatory role in angiogenesis by upregulating VEGF expression (9, 33, 34) . Notably, we demonstrated that the expression of STAT3 protein was significantly increased in CIA rat synovial tissue, and decreased following TSRDN treatment, indicating that TSRDN may inhibit the pathogenesis of CIA by downregulating STAT3 expression.
In addition, NF-κB, a protein with the function of promoting gene transcription, has been shown to actively participate in pathological processes such as joint inflammation (35) . NF-κB has been shown to be widely expressed in RA synovial cells (36) , which is consistent with the present results. Previous studies have shown that NF-κB may be involved in regulating angiogenesis (37) , and that inhibiting the activity of NF-κB in pancreatic cancer may prevent the formation of new blood vessels (38) . The present study showed that the DNA-binding activity of NF-κB p65 could be inhibited by TSRDN. Therefore, we speculated that NF-κB was involved in the inhibiting effect of TSRDN on CIA, by regulating angiogenesis.
In conclusion, the present results suggested that CIA rat synovial tissue had a large number of new blood vessels, which was consistent with increased expression of VEGF protein; however, TSRDN could inhibit this phenomenon. We speculated that TSRDN might prevent angiogenesis by inhibiting the expression of STAT3 and the DNA-binding activity of NF-κB p65, thereby played a positive role in improving CIA. TSRDN may be a potential therapeutic drug for CIA, and VEGF may be involved in the development of CIA by regulating angiogenesis. Furthermore, TSRDN could inhibit the pathogenesis of CIA by downregulating STAT3 expression. NF-κB was involved in the inhibiting effect of TSRDN on CIA.
